Background-In older adults hospitalized for heart failure, a poor score on a comprehensive geriatric assessment (CGA) is associated with worse prognosis during hospitalization and at 1 month after discharge. However, the association between the CGA score and long-term mortality is uncertain. Methods and Results-This is a prospective study of 487 patients aged ≥75 years admitted for decompensated heart failure. At discharge, a CGA score (range, 0-10) was calculated based on limitation in activities of daily living, mobility limitation, comorbidity, cognitive decline, and previous medication use. The analysis of the association between the CGA score and 2-year subsequent mortality was performed with Cox regression and adjusted for the main confounders.
H eart failure (HF) is a leading cause of hospital admission and death among individuals aged ≥75 years. 1 Poor physical and mental functioning and frailty are frequent characteristics of elderly patients with HF, which increase the risk of hospital readmission, functional decline, institutionalization, and death. 2, 3 The comprehensive geriatric assessment (CGA) is a multidimensional diagnostic process used to determine the medical, psychological, and functional capabilities of a frail elderly person to develop a coordinated and integrated plan for treatment and long-term follow-up. 4 The CGA has been shown to benefit hospitalized elderly patients by increasing their likelihood of being alive and in their own home after an emergency admission. 5 One possible mechanism to explain the effect of the CGA is that it adds information to the standard medical assessment, in particular, by identifying unmet needs and improving prognosis assessment. In older adults with decompensated HF, there is evidence that a poor score on a simple CGA is associated with worse prognosis during hospitalization 6 and at 1 month after discharge. 7 Unfortunately, the association between the CGA score and long-term mortality in these patients is uncertain.
Accordingly, this study has examined the prospective association between a simple CGA, including only 5 clinical items, and 2-year mortality in older patients with decompensated HF admitted to an acute geriatric unit.
Methods

Study Design and Participants
Study participants were all patients discharged alive from our acute geriatric unit with a diagnosis of HF from October 1, 2006 , through September 30, 2009 . Patients were included if they met the Framingham and European Society of Cardiology criteria for HF 8, 9 and had been admitted for a first or recurrent episode of acute decompensation of HF. We excluded individuals with a high probability of noncardiovascular death in the next 4 weeks based on the physician's opinion, who were discharged within 24 hours of hospital admission, or who lacked data on important study variables. Study participants were followed prospectively for 2 years after discharge.
Informed written consent was given by study participants, and the study protocol was approved by the local institutional review board.
Study Variables
On index admission, 3 types of variables were recorded. First, we collected sociodemographic variables including age, sex, educational level, place of residence and cohabitation, and health-related quality of life using the Minnesota Living With Heart Failure Questionnaire. 10 Second, we registered biomedical variables including classical cardiovascular risk factors and the New York Heart Association functional class before HF decompensation. Study participants also underwent standard laboratory determinations, chest radiography, electrocardiography, and echocardiography. Anemia was defined as hemoglobin <13 g/dL in men and <12 g/dL in women. The glomerular filtration rate was estimated using the Modified Diet in Renal Disease formula 11 ; renal failure was deemed to be present when the glomerular filtration rate was <60 mL/min, the serum creatinine was >1.2 mg/dL in a steady state, or a previous diagnosis had been registered. Clinical, echocardiographic, and other imaging data were reviewed separately by a geriatrician and a cardiologist.
Third, we completed a CGA, which included the assessment of alcohol and tobacco consumption, the presence of osteoarthritis and an established diagnosis of depression, and the Charlson comorbidity index (neither age nor HF was considered when adding up the total score). 12 The CGA also included cognition, mood, functional status, and the number of prescribed medications before admission. Specifically, we searched for a history of cognitive or behavioral deterioration for the preceding year and used the Spanish adaptation of the Mini-Mental State Examination 13 and the 15-item Geriatric Depression Scale. 14 Functional status was assessed as the level of dependence in activities of daily living (ADLs) using the Katz index 15 and an easy-to-perform qualitative mobility dependence scale: 0, fully independent; 1, no walking limitation; 2, use of a walking cane; 3, use of a Zimmer frame or aid of 1 person; 4, wheelchair bound or needing help from ≥2 people to walk; and 5, bedridden. Those patients in groups 0 to 1 were considered to have no or mild limitation, and those in groups 2 to 4 were considered to have moderate or severe limitation.
As reported elsewhere, 6 we developed a CGA based on variables selected a priori. Criteria for selecting the variables were as follows:
(1) being a habitual component of standardized CGA; (2) published evidence of an association with an increased risk of death in older patients; and (3) being obtained easily and quickly during routine clinical practice, without excessive burden for the physician or patient. Specifically, the CGA included the presence/severity (0, absent or mild; 1, moderate; and 2, severe) of 5 variables: (1) dependency on ADLs (according to Katz score); (2) mobility impairment (as per the 5-level qualitative scale described above); (3) comorbidity (Charlson index); (4) cognitive impairment evidenced by a previous diagnosis of dementia or interview with patient, relatives, and caregivers; and (5) medication use (Table 1 ). Cutoff points for the Charlson index and medication used on hospital admission were selected to represent sample tertiles. Cutoff points for the remaining variables (Katz index, mobility limitations, and cognitive decline) were defined according to standard clinical criteria. Specifically, cognitive impairment (other than dementia) was defined as a score ≥1 point in the Cruz-Roja cognition scale, an informant-based scale widely used and validated in Spain. 16 We checked (a posteriori) that use of >1 cutoff in this 6-point scale did not lead to improved mortality prediction based on the C-statistic, once a previous diagnosis of dementia was also accounted for. The CGA score ranged from 0 to 10. Based on the scores on the CGA, patients were classified into quartiles so as to be uniformly distributed across groups. Cutoff points defining quartiles of the CGA score were 0 to 2 for the first one, 3 to 4 for the second, 5 to 6 for the third, and 7 to 10 for the fourth quartile.
Data on the variables included in the CGA scale were recorded on hospital admission and referred to a time period previous to the initiation of HF decompensation symptoms, usually the month preceding hospital admission. Information on other variables including blood pressure, heart rate, and laboratory determinations also corresponded to the admission day. The Mini-Mental State Examination and the Geriatric Depression Scale scores were obtained directly from the patients by a trained psychologist on the day before discharge. The remaining variables were recorded at different times during hospital stay.
Follow-Up
Follow-up was performed through visits to a specialized HF outpatient unit, review of clinical charts, and periodic telephone contacts with patients and relatives. Follow-up started at hospital discharge and finished at death or October 30, 2011, whichever came first. A total of 7 (1.3%) patients were lost to follow-up. 
WHAT IS KNOWN
• Better scores on a comprehensive geriatric assessment (CGA) of hospitalized elderly patients are associated with better health outcomes. • In older adults with decompensated heart failure, a poor score on a simple CGA scale is associated with worse prognosis during hospitalization and at 1 month after discharge.
WHAT THE STUDY ADDS
• Unfavorable scores on a simple CGA scale including five components (dependency on activities of daily living, mobility impairment, comorbidity, cognitive impairment, and medication use on admission) is associated with higher 2-year mortality in older patients hospitalized for heart failure in an acute geriatric unit. • Results were consistent regardless of age, sex, left ventricular ejection fraction and the co-existence of atrial fibrillation, ischemic heart disease or hypertension. • Future research should explore whether specific interventions addressing the components of this scale could improve heart failure prognosis 
Statistical Analysis
In total, 533 patients participated in the study, but we excluded 7 patients who were lost to follow-up, 33 individuals who lacked data on 1 variable of the CGA, and 6 individuals with missing data on ≥2 variables of the CGA. Thus, the analyses were conducted with 487 individuals. Differences in sociodemographic and clinical variables across quartiles of the CGA score were tested with a P for linear trend obtained from Mantel-Haenszel test for qualitative variables and ANOVA for continuous variables. The association between baseline variables and subsequent 2-year mortality was summarized with hazard ratios and their 95% confidence intervals obtained from Cox regression. Variables with prognostic impact (P<0.10) on univariate analysis were selected for a multivariate analysis, in which a backward stepwise procedure was used to identify independent predictors of mortality. These variables as well as those based on a literature review (eg, sex) were then used as covariates in a Cox model, which assessed the association between the score on the CGA and mortality. To assess the robustness of results, we performed several sensitivity analyses. First, the 7 patients lost to follow-up were treated as being censored at the time of the last contact; second, these 7 patients were also treated as being dead at the time of last contact; and third, single imputation was used to estimate data in the 33 patients with missing values in 1 CGA variable.
The main analysis used the CGA score as a continuous variable, but in additional analyses, it was modeled in quartiles. To test the statistical significance of the CGA modeled in quartiles, we used a likelihood ratio test which compared a model with the CGA (in quartiles) and without. We also tested whether the association between the score on the CGA and mortality varied with age (>85 years), sex, left ventricular ejection function (≤40%), and comorbidity by testing the statistical significance of interaction terms constructed as the product of the CGA score by those variables.
Analyses were conducted with SPSS 15.0 (SPSS Inc., Chicago, IL).
Results
Patients in the higher quartiles of the CGA score were more frequently women, had a lower educational level and worse score on the Minnesota Living With Heart Failure Questionnaire, and lived in nursing homes more frequently. They also had a higher frequency of cardiovascular risk factors and comorbidity, a worse functional class on the New York Heart Association scale, and a higher risk of delirium and functional decline (worsening of mobility and dependence) during hospitalization. However, no differences were observed in drug treatment for HF at discharge. As expected, the frequency of each of the 5 components of the CGA increased across quartiles of the CGA score (P for linear trend <0.05 in all cases; Table 2 ). During a mean follow-up of 89±57 weeks, 268 (50.2%) patients died. Older age, a higher New York Heart Association grade, severe aortic stenosis, atrial fibrillation, and ischemic heart disease were independently associated with higher mortality; in contrast, treatment with angiotensin-converting enzyme inhibitors or angiotensin receptor blockers on discharge was related to lower mortality (Table 3 ). After adjustment for these variables and for sex, a 1-point increase in the CGA score was associated with a 19% higher mortality (hazard ratio, 1.19; 95% confidence interval, 1.11-1.27). Results did not materially change in sensitivity analyses in which the 7 patients lost to follow-up were treated either as being censored or dead at the time of last contact and after imputing missing data for the CGA variables.
Compared with those in the first (lowest) quartile of the CGA score, the mortality hazard ratio (95% confidence interval) was 1.98 (1.24-3.16) in the second quartile, 2.29 (1.43-1.67) in the third quartile, and 4.37 (2.78-6.87) in the fourth quartile (P value for CGA is quartiles based on a likelihood ratio test: P<0.01). The impact of the CGA score on mortality was observed early after discharge and remained during the 2-year follow-up (Figure) . The association between the CGA score and mortality was also held regardless of variables of clinical relevance such as age, sex, left ventricular ejection fraction, and the coexistence of atrial fibrillation, ischemic heart disease, or hypertensive cardiopathy ( Table 4 ). All components of the CGA score showed a consistent association with higher mortality: patients with more limitations in ADL, moderate or severe mobility limitation, higher Charlson index, previous cognitive decline, and higher number of drug treatments on admission had higher 2-year mortality ( Table 5 ).
Discussion
Our results show that, in older patients hospitalized for HF, a worse score on a simple 5-item CGA is associated with increased mortality during a 2-year follow-up. Moreover, all individual components of the CGA were associated with mortality.
Participants in our study were very old, and most of them had preserved ejection fraction and high clinical complexity (comorbidity, limitation in ADLs, and cognitive decline). Although older adults with HF may require specialized and individualized management, 17, 18 these patients have received little attention in the medical literature. As a result, good-quality evidence to guide their management is relatively scarce.
In line with previous studies, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] our results confirmed that age, New York Heart Association functional class, left ventricle ejection fraction, arrhythmia, and other types of comorbidity are independent prognostic factors in HF. However, although substantial research has been done on prediction models in older adults with HF, [32] [33] [34] [35] [36] [37] [38] [39] [40] limitations in ADL and cognitive function have only recently been related to survival in elderly patients with HF. 41 Moreover, only a few studies have assessed the association between the CGA and prognosis in HF. In one study, a CGA was shown to be a better predictor of 1-month mortality than other well-known prognostic factors among older patients with HF. 7 In another investigation conducted in a clinical cardiology unit, the presence of any geriatric syndrome (functional dependence, cognitive decline, depression, or frailty) was associated with higher 1-year mortality in patients hospitalized for HF but not for other cardiovascular diseases. 42 Finally, in another study with patients similar to ours, the degree of dependence in ADLs before admission was predictive of 1-year mortality. 43 Thus, our study makes a clear addition to the literature by showing that a simple CGA is associated with long-term mortality in older patients hospitalized for HF in an acute geriatric unit. Moreover, we have shown that the CGA remained predictive of survival in patients with HF regardless of sex, left ventricular ejection fraction, or several types of comorbidity, including atrial fibrillation, hypertensive, or ischemic heart disease. Several mechanisms may account for the association between the components of the CGA and increased mortality in elderly patients with HF. First, physical and cognitive limitations may be manifestations of frailty, a syndrome that is accompanied by fatigue and loss of strength and is characterized by reduced physiological reserve and increased vulnerability to stressors of daily life. 44 There is abundant evidence that frailty is associated with increased risk of death in patients with cardiovascular disease. 45 Second, patients with limited mobility, lower cognitive function, and ADL dependency may have greater social isolation and difficulty of access to specialized care, which may result in lower ADLs indicates activities of daily living; and CGA, comprehensive geriatric assessment.
*Adjusted for age, sex, New York Heart Association grade, atrial fibrillation/ flutter, left ventricular ejection fraction, severe aortic stenosis, ischemic heart disease, and treatment with angiotensin-converting enzyme inhibitors or angiotensin receptors blockers on discharge.
Figure.
Adjusted survival according to quartiles (Q) of the comprehensive geriatric assessment score in older patients hospitalized for heart failure decompensation. Adjusted for age, sex, New York Heart Association grade, atrial fibrillation/flutter, left ventricular ejection fraction, severe aortic stenosis, ischemic heart disease, and treatment with angiotensin-converting enzyme inhibitors or angiotensin receptors blockers on discharge.
adherence and delayed treatment of the HF decompensation. There is evidence that a poor social network is associated with increased mortality in patients with HF. 46 Therefore, it has been recommended that cardiovascular disease management programs take into account both the social network and the functional limitations of patients. 47, 48 Finally, it is expected that higher comorbidity, another component of a CGA, is associated with increased mortality.
Our results have some practical implications. Although a full CGA can only be performed in selected patients by multidisciplinary teams, data for the CGA used in this study can be collected in <5 minutes in the emergency room or in the medical ward; moreover, in our geriatric unit, the CGA score is usually obtained by either nurses or physicians. Precisely for the sake of simplicity and ease of use, the Mini-Mental State Examination and the Geriatric Depression Scale were not included in the CGA.
Despite the fact that each of the 5 components of the CGA has shown an independent association with 2-year mortality, a proper use of the scale requires assessing all of their components. This is so because of 2 reasons. First, each of the 5 components contributes linearly to the total CGA score, as shown in Table 2 . Second, the aim of the CGA is not only to identify patients with HF at high risk of long-term mortality, but also to select areas of potential intervention to reduce such risk.
Our study had some limitations. First, patients were recruited in an acute geriatric unit, and more than half of them attended a specialized HF clinic. Therefore, our results should be confirmed in patients in other healthcare settings, particularly in patients admitted to cardiology or internal medicine wards. Second, although we used standard criteria to diagnose HF, we lacked information on natriuretic peptide levels, and this could have reduced the diagnostic specificity. In our hospital, the determination of N-terminal pro-brain natriuretic peptide was possible only during the last months of patient recruitment, and thus it was performed only in a low proportion of patients. Third, social association could account for the association between a higher CGA and increased long-term mortality; unfortunately, we lacked data to explore the role of this potential mechanism of the study association.
Our study also had several strengths. The most important is that it comprised a fairly heterogeneous sample of patients, including those with valve, coronary, or hypertensive heart disease and some patients with predominantly right-sided HF. Other strengths were that the inclusion criteria were checked by geriatricians and cardiologists working together and that the number of patients lost to follow-up was minimal.
In conclusion, among elderly patients admitted with HF, a higher score on a simple CGA, including limitations in ADLs, mobility, and cognitive function as well as comorbidity and polypharmacy, is independently associated with a higher longterm mortality. Future research should establish whether appropriate interventions addressing the individual components of this CGA could improve the prognosis of these patients.
